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1Abstract. We study the Log(N){Log(S) and X-ray lumi-
nosity function in the 2{10 keV energy band, and the spa-
tial (3-D) distribution of bright, LX  1034 − 1035 erg/s,
X-ray binaries in the Milky Way. In agreement with the-
oretical expectations and earlier results we found signif-
icant dierences between the spatial distributions of low
(LMXB) and high (HMXB) mass X-ray binaries. The vol-
ume density of LMXB sources peaks strongly at the Galac-
tic Bulge whereas HMXBs tend to avoid the inner  3−4
kpc of the Galaxy. In addition HMXBs are more concen-
trated towards the Galactic Plane (scale heights of  150
and  410 pc for HMXB and LMXB correspondingly)
and show clear signatures of the spiral structure in their
spatial distribution. The Log(N){Log(S) distributions and
the X-ray luminosity functions are also noticeably dier-
ent. LMXB sources have a flatter Log(N){Log(S) distri-
bution and luminosity function. The integrated 2-10 keV
luminosities of X-ray binaries, averaged over 1996{2000,
are  2 − 3  1039 (LMXB) and  2 − 3  1038 (HMXB)
erg/s. Normalised to the stellar mass and the star for-
mation rate, respectively, these correspond to  5  1028
erg/s/M for LMXBs and  5  1037 erg/s/(M/yr) for
HMXBs. Due to the shallow slopes of the luminosity func-
tions the integrated emission of X-ray binaries is domi-
nated by the  5{10 most luminous sources which deter-
mine the appearance of the Milky Way in the standard
X-ray band for an outside observer. In particular variabil-
ity of individual sources or an outburst of a bright tran-
sient source can increase the integrated luminosity of the
Milky Way by as much as a factor of  2. Although the
average LMXB luminosity function shows a break near
the Eddington luminosity for a 1.4 M neutron star, at
least 11 sources showed episodes of super-Eddington lumi-
nosity during ASM observations. We provide the maps of
distribution of X-ray binaries in the Milky Way in various
projections, which can be compared to images of nearby
galaxies taken by CHANDRA and XMM-Newton.
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1. Introduction
Recently the CHANDRA X-ray observatory studied the
distributions and luminosity functions of X-ray binaries
in at least 7 spiral, e.g M 81 (?), 2 elliptical, e.g. NGC
4697 (?), and 2 starburst galaxies, M 82 (?) and Anten-
nae (?). The main discovery of these CHANDRA obser-
vations was the existence of numerous point-like sources
with luminosities in the CHANDRA spectral band consid-
erably higher than the Eddington luminosity of a 1.4 M
neutron star. Nearby galaxies observed by CHANDRA
have a great advantage compared to observations of X-ray
sources in our Galaxy: All objects observed in a particular
galaxy are equidistant and therefore it is straightforward
to construct the luminosity function in the CHANDRA
band. However, even with the angular resolution and sen-
sitivity of CHANDRA we are restricted to nearby galaxies
(d < 50 Mpc) and we are able to observe only the high
luminosity end of the luminosity function.
Observations of compact sources inside our Galaxy
thus open the unique possibility to construct a luminosity
function in a much broader range of luminosities and this
might be important to construct the synthesised spectrum
of the LMXB and HMXB populations of the Galaxy in a
broad spectral range from 0.1{500 keV using data from all
existing spacecraft.
In this paper we use data of the All-Sky Monitor
(ASM) (?) aboard the Rossi X-ray Timing Explorer (?)
to investigate the following topics.
– Using ASM data, existing information about the
source distances and a model of the mass distribution
in the Milky Way we constructed the luminosity func-
tion of high and low mass X-ray binaries in our Galaxy.
– We know that the number and distribution of high
mass X-ray binaries (HMXB) reflect the rate and lo-
cation of star formation. Knowledge of this rate opens
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the way to nd the volume emissivity of our universe
at dierent redshifts in hard X-rays due to starburst
and young galaxies.
– The luminosity of the LMXB component is propor-
tional to the total mass of the old stellar population of
the Milky Way. Unfortunately these data will give us
information about the contribution of elliptical galax-
ies and old star populations in spiral galaxies to the
local volume emissivity of the Universe only at su-
ciently low redshifts (z < 0.4−0.5). To obtain the vol-
ume emissivity due to old star populations at higher
redshift we need to know a model of binary evolution.
– Our analysis of ASM data permits us to show how
our Galaxy would look from outside in dierent pro-
jections. This will allow us to compare data about our
Galaxy with new CHANDRA observations.
– Surprisingly enough, just the comparatively few most
luminous Galactic X-ray binaries practically dominate
the X-ray luminosity of our Galaxy. The majority of
the brightest X-ray binaries are extremely variable on
all time scales from milliseconds to years{tens of years.
Therefore the luminosity of our Galaxy as a whole
would also be subject to strong variability. This is im-
portant because with a powerful X-ray telescope such
as XEUS it will be possible to detect X-ray flux from
distant galaxies on the level of L  1040 erg/s but only
short time scale variability would permit to distinguish
the collective emission of X-ray binaries from the low
luminosity, AGN-type activity of the nucleus. Black
holes are unable to produce variability with character-
istic times signicantly shorter than a few 0.01s MBHM
(?). For supermassive black holes this value is of order
or above  103s.
– Our analysis of ASM data and data from other space-
craft shows that at least for 17 X-ray sources in our
Galaxy ASM or other spacecraft detected flux reach-
ing or exceeding the level corresponding to the Ed-
dington critical luminosity for a 1.4 M neutron star.
Maximal fluxes detected were up to 10 times higher









Fig. 1. Distribution of LMXBs (open circles) and HMXBs (lled circles) in the Galaxy. In total 86 LMXBs and 52 HMXBs are
shown. Note the signicant concentration of HMXBs towards the Galactic Plane and the clustering of LMXBs in the Galactic
Bulge.
than the Eddington value for a neutron star. In at
least 7 sources the compact object has been identi-
ed as a neutron star based on the detection of X-ray
pulsations or X-ray bursts, therefore we know with
certainty that the peak luminosity exceeded the Ed-
dington limit. Moreover, the total number of super-
Eddington sources might be higher because we know
from the broad band observations that the bulk of the
luminosity can be emitted outside the ASM sensitivity
band.
2. RXTE All-Sky Monitor Data
In order to construct the Log(N){Log(S) distributions and
luminosity functions we used the publicly available data
of ASM. The ASM instrument is sensitive in the 2-10 keV
energy band which is divided into 3 broad energy chan-
nels and provides 80% sky coverage for every satellite orbit
( 90 minutes). Due to its all-sky nature and long oper-
ational time,  5 years, the ASM instrument is ideally
suited for studying time averaged properties of sources.
The light curves are obtained by RXTE GOF (?) for a
preselected set of sources from the ASM catalogue. The
catalogue consists of sources which have reached an inten-
sity of more than 5 mCrab at any time (?), and as of June
2000 included 340 sources of which 217 are galactic and
112 extragalactic, and 10 unidentied. The distribution of
sources on the sky is shown in Fig. 1. For a detailed de-
scription of selection criteria and a list of sources see ?).
The 1 day sensitivity of ASM is  10 mCrab correspond-
ing to a count rate of 0.75 counts/s. The ASM count rate
has been converted to energy flux assuming a Crab-like
spectrum and using the observed Crab count rate:
F [erg/s/cm2] = 3.2  10−10 R[counts/s]. (1)
The 1-dwell ASM light curves have been retrieved from the
RXTE public archive 1 at HEASARC and cover a time pe-
riod from the start of the mission through 27/04/00. In or-
der to construct Log(N){Log(S) the light curves have been
averaged over the entire period of available data which
might dier for dierent sources. We did not account in
any way for orbital variations or eclipses, as e.g. in Cen
X-3.
Important for the analysis presented below are the
questions of systematic errors in the light curves and of
the completeness limit of the ASM catalogue.
2.1. Systematic errors
The ASM light curves are assumed to have a systematic
error at the level of  3% which is added in quadrature
to the statistical errors in the light curves provided by the
1 ftp://legacy.gsfc.nasa.gov/xte/data/archive/ASMProducts/
denitive 1dwell/
